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ABSTRACT - Background and Objectives: Psychological distress has been hypothe-
sized to be associated with adverse biologic states such as higher oxidative stress and in-
flammation. Yet, little is known about associations between a common form of distress
—phobic anxiety— and global oxidative stress. Thus, we related phobic anxiety to plasma
fluorescent oxidation products (FIOPs), a global oxidative stress marker.

Methods: We conducted a cross-sectional analysis among 1,325 women (aged 43-70
years) from the Nurses’ Health Study. Phobic anxiety was measured using the Crown-Crisp
Index (CCI). Adjusted least-squares mean log-transformed FIOPs were calculated across
phobic categories. Logistic regression models were used to calculate odds ratios (OR) com-
paring the highest CCI category (= 6 points) vs. lower scores, across FIOPs quartiles.

Results: No association was found between phobic anxiety categories and mean FIOP
levels in multivariable adjusted linear models. Similarly, in multivariable logistic regres-
sion models there were no associations between FIOPs quartiles and likelihood of being in
the highest phobic category. Comparing women in the highest vs. lowest FIOPs quartiles:
FIOP_360: OR =0.68 (95% CI: 0.40 — 1.15); FIOP_320: OR = 0.99 (95% CI: 0.61 — 1.61);
FIOP_400: OR =0.92 (95% CI: 0.52, 1.63).
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Conclusions: No cross-sectional association was found between phobic anxiety and a
plasma measure of global oxidative stress in this sample of middle-aged and older women.
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Introduction

Anxiety is one the most prevalent forms of
psychological distress!. Phobic anxiety, in
particular, is an important category within the
broad dimension of psychological distress,
due to its early age-at-onset and chronic and
persistent nature'-2, Phobic anxiety has been
found to be associated with cardiovascular
disease>4, and sudden death?, and it has been
hypothesized to have adverse biological con-
sequences, such as higher oxidative stress and
inflammation’”’. Potential associations of
phobic anxiety with oxidative stress are par-
ticularly intriguing, as oxidative damage is hy-
pothesized not only to be a biological conse-
quence of chronic psychological distress but
also to play an important role in the develop-
ment of psychopathology, including anxiety?®.

Prior evidence has indicated higher levels of
oxidative stress across a range of psychologi-
cal disorders. For example, in a study con-
ducted by Kuloglu et al. 2002°, significantly
higher levels of lipid peroxidation products
were found among participants with schizo-
phrenia or bipolar disorder compared with
healthy controls. Similarly, higher levels of a
calculated oxidative stress index (ratio of urine
isoprostanes to serum vitamin E levels) were
observed among 58 participants with high lev-
els of perceived stress'?. Additionally, higher
levels of 8-hydrocydeoxyguanosine, a marker
of oxidative DNA damage, were found among
90 women with clinical depression in com-
parison to age-matched controls'!.

Although numerous reports have posi-
tioned oxidative stress as one of several po-
tential downstream physiologic consequences
of chronic adverse psychological states (i.e.,
along with inflammation'?'* or hypercorti-
solism!?), other work has focused on the re-
verse association. Indeed, some investiga-
tors>®%16 have hypothesized an etiologic role
of oxidative stress in the development of psy-
chological distress symptoms and psychiatric
disorders. For example, studies conducted in
mice found that genes involved with antiox-
idative metabolism were highly related to
anxiety-like phenotypes, pointing to a relation
of oxidative stress in the etiology of anxi-
ety!”1%, Nevertheless, such work remains lit-
tle explored in humans. Higher levels of ox-
idative stress (in particular, elevated lipid
peroxidation products) have been associated
with depression®, anxiety disorders’, and ob-
sessive-compulsive disorders®2! but not with
post-traumatic stress disorder?? in cross-sec-
tional studies. Additionally, results from one
study indicated that anxious women had im-
pairment of several immune functions, in-
cluding reduced total antioxidant capacity?.
Overall, gaps remain in understanding how
levels of anxiety relate to measures of oxida-
tive stress. Furthermore, there have been very
few larger-sample studies conducted among
well-characterized participants such that im-
portant confounders may be addressed.

Thus, the objective of this study was to ex-
amine the cross-sectional relations between
phobic anxiety and fluorescent oxidation prod-



ucts (FIOPs) in a large sample of mid-life and
older adult women in the Nurses’ Health Study.
This study design has value in addressing psy-
chological distress-oxidative stress associa-
tions for two key reasons: 1) phobic anxiety has
particular relevance due to its chronic nature
and, thus, a plausible potential role in accu-
mulation of oxidative damage; 2) quantifica-
tion of FIOPs is a validated plasma marker of
global oxidative stress and, thus, a useful tool
in this context, given the hypothesized wide-
ranging downstream effects of chronic anxiety.

Methods

Study Population

The Nurses’ Health Study (NHS) included
121,700 U.S., female registered nurses, aged
30 to 55 at the study’s inception in 1976.
Since then, participants have complete bien-
nial mailed questionnaires updating infor-
mation on numerous lifestyle factors and
health outcomes; total follow-up exceeds
90%. Details regarding the NHS and valida-
tion of various health exposures and end-
points have been previously published?*23,
During the 1988-1990 questionnaire cycle,
participants were asked to complete the
Crown-Crisp Index (CCI) of phobic anxi-
ety?®?7, From 1989 to 1990, 32,826 NHS
participants provided blood samples; details
of the blood collection and archival methods
have been previously described?®?°. Plasma
FIOPs were measured from archived blood
samples previous collected in the NHS: de-
tails of blood collection are provided else-
where?8. Briefly, blood samples were col-
lected from NHS participants using tubes
treated with liquid sodium heparin. The tubes
were then placed on ice packs, stored in Sty-
rofoam containers, returned to the laboratory
by overnight courier, centrifuged, and di-

PHOBIC ANXIETY AND OXIDATIVE STRESS 9

vided into aliquots for storage in liquid-ni-
trogen freezers (-130°C or colder). The ma-
jority of specimens arrived at our lab for pro-
cessing within 24 hours of collection?.
Blood samples were collected proximal to
measurements of phobic anxiety (mean time
interval between CCI and blood collection =
18.7 months, or 1.5 years; over 92% of par-
ticipants had an interval of < 2 years and the
maximum interval was 2.75 years).

The protocols for the NHS, the NHS blood
collection, and the current study were ap-
proved by the Institutional Review Board of
Brigham and Women’s Hospital, Boston,
MA, USA. Blood donors gave written infor-
med consent to having their samples used
for research purposed. In addition, all data
was analyzed anonymously.

To determine the final study sample, we
considered participants from nested case-
control studies of pre-diagnostic FIOPs and
incident breast cancer® and cardiovascular
disease (CVD)?!, and from a study of cogni-
tive function (total n = 2,179). Although
blood collections occurred among cases and
controls prior to the disease of interest, we
utilized the most conservative approach and
minimized possible bias by including only
controls and the random sample of cognitive
study participants (total n = 1,368). We ex-
cluded women with insufficient CCI data
(i.e., missing > 2 items)?? (n = 40) or missing
FIOP values (n = 3). Thus, the sample for
analysis included 1,325 women.

Assessment of phobic anxiety:
the Crown-Crisp index

The CCI measures symptoms of phobic
anxiety. It has been validated in psychiatric
outpatient settings and found to discriminate
patients with general anxiety and phobias
from healthy controls or those with disorders
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consisting of other symptom dimensions (i.e.,
obsessive-compulsive or depressive)*®?’, The
CCI primarily covers aspects of “fear” disor-
ders, such as panic disorder and agoraphobia.
It features 8 self-rated questions, and total
scores range from O to 16 points (higher scores
indicate higher phobic anxiety). As in prior
work3?, for those missing data on 1 or 2 items,
we based the CCI sum score on only the an-
swered items, rather than imputing CCI scores
using the mean, as this may be a slightly more
conservative approach to missing responses on
self-reported symptom measures. CCI scores
were are not normally distributed and in keep-
ing with prior work3>3* we categorized CCI
scores into 5 groups: 0 or 1 point (reference
group); 2 points; 3 points; 4 or 5 points and >
6 point (highest phobic group). As previously
described?2, the CCI has been found to be re-
liable in the NHS cohort: e.g., the Cronbach
coefficient alpha for scores in 1988 was 0.62;
item-total correlations (0.26 — 0.43) were in
the desirable range®’; and when the CCI was
asked again on the 2004 NHS questionnaire,
the interclass correlation coefficient (ICC) for
the pair of CCI scores in 1988 and 2004 was
0.61 — indicating that these measures can re-
liably represent long-term phobic anxiety lev-
els. The consistency of the score also points to
the validity of the CCI in measuring phobic
anxiety, as phobic anxiety is expected to be
generally stable over time!.

Measurement of FLOPs

Fluorescent oxidation products (FIOPs)
result from the interaction of reactive oxygen
intermediates and free radicals with macro-
molecules®. Our fluorescent method pro-
vides a non-specific, but sensitive, measure of
oxidative products from lipids, protein, car-
bohydrate and DNA, and is considered a
global measure of oxidation3”-38,

Measurement of fluorescent oxidation
products (FIOPs) were performed with pro-
cedures previously described?’-38, Briefly,
plasma was extracted with ethanol-ether and
measurements were obtained using a spec-
trofluorometer. FIOPs reflect lipid oxidation
products from reactions with protein, DNA,
and carbohydrate and the fluorescence was
determined as relative fluorescence units per
millimeter of plasma. In a previous prospec-
tive study involving a parallel cohort of men,
we found this global measure of oxidation
was stable in plasma samples that had been
previously collected and placed in storage
for 10 years, and reproducibility of FIOPs is
high — with ICCs in paired samples up to
three years apart that ranged from 0.43 — 0.70
for the three FIOPs3931:38 Furthermore, the
measure showed good validity: it was highly
correlated with cigarette smoking and was a
strong independent predictor of coronary
heart disease (CHD)37-38, We measured three
different FIOPs: FIOP_360 (excitation 360
nm, emission 420 nm), FIOP_320 (excitation
320 nm, emission 420 nm), FIOP_400 (exci-
tation 400 nm, emission 475 nm). FIOP_360
represents the interaction between lipid oxi-
dation productions and protein, DNA, and
carbohydrates®. FIOP_320 represents the in-
teraction of lipid oxidative products, partic-
ularly lineolate, with DNA and metals*%4!,
FIOP_400 represents the interaction between
malondialdehyde (MDA), proteins, and phos-
pholipids*!*2. The mean coefficients of vari-
ation (CVs) for FIOPs across the different lab
batches used for our study were adequate
and ranged from 7.4-19.2%; 8 out of 12 bat-
ches had mean CVs below 15%. In addition,
FIOPs were shown to have better stability in
plasma over 24-36 hours compared to more
specific biomarkers of oxidative stress such

as MDA or F,-isoprostanes>’.



Assessment of covariates

In addition to age-at-blood collection (in-
creasing age is well-known to be related to cu-
mulative oxidative stress), we considered nu-
merous variables potentially associated with
phobic anxiety and FIOPs. Using the biennial
questionnaire completed proximal (1988-
1990) to blood collection and a supplemental
questionnaire administered at blood collec-
tion, we obtained information on numerous
health, social and lifestyle factors for inclusion
in multi-variable models: age at blood draw
(continuous, years), body mass index (BMI)
(continuous, kg/m?), physical activity (con-
tinuous, metabolic-equivalent (METs)/week),
alcohol consumption (continuous, g/d), smok-
ing status (never, past, current), education
(RN, Bachelor’s, Master’s/Doctoral), antide-
pressant use (yes/no), hypertension (yes/no),
high cholesterol (yes/no), and cardiovascular
disease (yes/no).

Statistical analyses

The distributions of FIOPs varied across
batch sets from each nested case-control stud-
ies and the cognitive study. Therefore, we
adjusted FIOP levels for batch according to
methods describe by Rosner et al. 2008%3.
Statistical outliers were identified using the
generalized extreme studentized deviate
many-outlier detection approach**.

To examine the relationship between pho-
bic anxiety and FIOPs, we estimated adjusted
least-squares means of the log-transformed
FIOPs using generalized linear models. In
additional analyses, logistic regression mod-
els were used to calculate odds ratios for the
highest CCI score (= 6) vs. lower scores (0—5)
across quartiles of the three different FIOPs.
Although prior work?>3 indicates that a score
of > 6 on the CCI may indicate a critical
threshold of anxiety symptoms, there may be

PHOBIC ANXIETY AND OXIDATIVE STRESS 11

other important contrasts involving sub-
threshold levels of anxiety, which have been
addressed in prior NHS investigations**3.
Thus, we also utilized polytomous logistic re-
gression models to investigate the relations of
continuous log transformed FIOPs to finer
contrasts of phobic anxiety rather than just the
dichotomized approach; in these models, per-
sons scoring 0/1 on the CCI served as the
reference group for comparisons with those in
all higher categories of phobic anxiety. For all
analyses, we looked at both age-adjusted and
multivariable-adjusted models. In multivari-
able analyses, we considered factors that had
the largest potential to contribute to con-
founding and additional covariates identified
in prior literature. All statistical analyses were
performed using SAS version 9.2 (SAS In-
stitute Inc, Cary, NC).

Results

Table 1 shows sample characteristics at
blood draw, across quartiles of the three diffe-
rent FIOPs (FIOP_360, FIOP_320, FIOP_400).
Women in the highest quartiles of FIOPs
were more likely to be current smokers, have
hypertension, and consume greater amounts
of alcohol.

In age-adjusted linear models, higher pho-
bic anxiety was not associated with FIOP_360,
FIOP_320, or FIOP_400. Results from the
global F-test demonstrated that none of the
means were significantly different across cat-
egories of phobic anxiety score for any of the
FIOPs. For example, the geometric mean of
FIOP_360 among those with high phobic anx-
iety (CCI score = 6) was 220 FI/mL (relative
fluorescent intensity units per milliliter of
plasma) (95% CI: 207 — 233 FI/mL) com-
pared to 228 FI/mL (95%: 220 — 236 FI/mL)
among those with lowest phobic anxiety score
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(CCI score of 0 or 1). Similarly, the geomet-
ric means of FIOP_320 and FIOP_400 among
those with high phobic anxiety were 535
FI/mL (95% CI: 455 — 629 FI/mL) and 65
FI/mL (95% CI: 61 — 69 FI/mL), compared to
533 FI/mL (95% CI: 484 — 586 FI/mL) and 63
FI/mL (95% CI: 60 — 65 FI/mL) among those
with lowest phobic anxiety score, respectively.
Findings remained similar after adjusting for
other covariates (Table 2).

In both age-adjusted and multivariable-ad-
justed logistic regression models there were
no statistically significant associations be-
tween quartiles of any of the FIOPs with like-
lihood of having the highest level of phobic
anxiety and all tests of trends were statisti-
cally non-significant (Table 3).

Comparing women in the highest vs. low-
est FIOPs quartiles, the multivariable adjusted
ORs for high phobic anxiety (Crown Crisp
Score > 6) for FIOP_360 was 0.68 (95% CI:
0.40 — 1.15, p-trend = 0.2); 0.99 for FIOP_320
(95% CI: 0.61 — 1.61, p-trend = 0.8); and 0.92
for FIOP_400 (95% CI: 0.52, 1.63, p-trend =
0.6). Similarly, in both age-adjusted and mul-
tivariable-adjusted polytomous logistic mod-
els, there were no statistically significant as-
sociations found between the three different
FIOPs and levels of phobic anxiety, including
sub-threshold and minimal levels of anxiety
(Supplementary Table 1).

Discussion

In this cross-sectional study of 1,325 wo-
men, we found no significant associations be-
tween phobic anxiety and plasma fluorescent
oxidation products, a global measure of ox-
idative stress measured at three wavelengths.
Furthermore, results did not change after ad-
justment for numerous potential confounders.

The null findings in the current study can
be contrasted with previously reported evi-
dence for links between psychological dis-
tress conditions, such as anxiety, and other
oxidative stress markers. For example, sev-
eral groups reported associations between
MDA (a lipid peroxidation product) and spe-
cific psychiatric disorders, such as social
phobia'®, panic disorder> and major depres-
sive disorder20#°, In addition, oxidative DNA
damage has been observed among patients
with major depressive disorder*’ and bipolar
disorder*®. Furthermore, such evidence has
not been limited to psychiatric clinical pop-
ulations. For example, Irie et al. (2001,
2005)14, found indications of more oxida-
tive DNA damage among persons with higher
levels of occupational psychological stress
and depression in more general participant
samples. Nevertheless, the above mentioned
studies reflect that existing evidence has pri-
marily relied on data from clinical popula-
tions, had smaller sample sizes (n ranged
from 90 to 362) and used specific markers of
oxidative stress/injury. By contrast, in the
current analysis we ascertained phobic anx-
iety —across a range from no to high levels of
symptoms— in a large sample of over 1,300
community-dwelling participants and we uti-
lized a global marker of oxidative stress.

The results in this report are also somewhat
surprising in light of recent findings of a sig-
nificant relation of high phobic anxiety to
shorter relative leukocyte telomere lengths®2.
Thus, we might have expected an association
between phobic anxiety and our plasma mea-
sure of oxidative stress, as telomere shorten-
ing is influenced by oxidative stress>’. Fur-
thermore, while it would have been useful to
examine directly the correlation between
telomere length and FIOPs within these same
participants, there was not adequate overlap
in these two samples in order to undertake
this. Finally, an important potential explana-
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Table 3

Odds ratios [95% confidence intervals] for high phobic anxiety (Crown-Crisp Score = 6), by quartiles

of fluorescent oxidation products.

Quartiles of FIOPs
Ql Q2 Q3 Q4 P-for-linear-trend

FIOP_360

Cutpoints, FI/mL <181 181 to <220 220 to < 280 >280

Age-Adjusted ref  0.84[0.53,1.36] 0.84[0.53,1.36] 0.79[0.49, 1.28] 0.4
Multivariable-adjusted ~ ref ~ 0.81[0.49, 1.31] 0.77[0.47, 1.28] 0.68 [0.40, 1.15] 0.2
FIOP_320

Cutpoints, FI/mL <293 293 to <416 416 to <629 > 629

Age-Adjusted ref  0.94[0.58,1.52] 0.92[0.57,1.49] 1.06[0.66, 1.69] 0.6
Multivariable-adjusted ~ ref ~ 0.92[0.56, 1.50] 0.88 [0.54, 1.44] 0.99 [0.61, 1.61] 0.8
FIOP_400

Cutpoints, FI/mL <50 50to <61 61 to < 80 >629

Age-Adjusted ref  1.20[0.74,1.94] 1.26[0.78,2.04] 1.00[0.61, 1.65] 0.9
Multivariable-adjusted  ref 1.28[0.78,2.11] 1.23[0.74,2.04] 0.92[0.52, 1.63] 0.6

Multivariable-adjusted: adjusted for age-at-blood draw (continuous, years), BMI (continuous, kg/m?), physi-
cal activity (continuous, METs/week), alcohol consumption (continuous, g/d), smoking status (never, past, cur-
rent), education (RN, Bachelor’s, Master’s/Doctoral), hypertension (yes, no), high cholesterol (yes, no), car-

diovascular disease (yes, no), antidepressant use (yes, no).

tion for the differing findings is that, com-
pared to FLOPs, shorter telomeres may be
more likely to reflect the cumulative impacts
of oxidative stress over long periods of time.
Thus, the prior work using the telomere mea-
sure may have been less affected by the lim-
itations inherent to using one-time biomarker
measures in a cross-sectional design.

This study has a number of strengths in-
cluding use of a validated anxiety symptom
scale, a large well-characterized sample, and
adjustment for a large number of potential
confounding factors. Potential limitations
should also be considered. FIOPs are sensi-
tive yet non-specific markers of global ox-
idative stress. Thus, we could not address
whether a more specific biomarker (e.g., that
which measures a single macromolecule

type) would have produced similar results. It
is possible that phobic anxiety is related to el-
evations in specific oxidation pathways (e.g.
DNA oxidation) but there is no relation to
global oxidation levels detected by FIOPs.
This offers a potential explanation for the
different findings in the current analysis and
prior studies that identified significant asso-
ciations between psychological symptoms
and specific markers for lipid or DNA oxi-
dation. Furthermore, FIOPs may reflect other
products besides oxidation that may generate
fluorescence?®. The design of this study was
cross-sectional and thus cannot inform the
evidence base regarding the temporal rela-
tionship between phobic anxiety and systemic
oxidative stress. Although generalizability is
another potential concern (participants were
predominantly (95%) of white and European



Supplementary Table 1.

Odds ratios [95% confidence intervals] for polytomous logistic regression models of phobic anxiety, per 1-SD

unit in log-FIOPs.

PHOBIC ANXIETY AND OXIDATIVE STRESS

OR per 1 SD log-FIOPs [95% CI] p-value
FIOP_360
Age-adjusted
6+ vs. 0/1 CCI 0.90 [0.75, 1.09] 0.2
4-5vs. 0/1 CCI 1.03 [0.89, 1.20] 0.7
3 vs. 0/1 CCI 1.05[0.89, 1.23] 0.6
2 vs. 0/1 CCI 1.01 [0.86, 1.19] 0.9
Multivariable-adjusted
6+ vs. 0/1 CCI 0.86 [0.70, 1.05] 0.1
4-5vs. 0/1 CCI 1.05 [0.90, 1.23] 0.6
3 vs. 0/1 CCI 1.03 [0.87, 1.23] 0.7
2 vs. 0/1 CCI 1.01 [0.85, 1.20] 0.9
FIOP_320
Age-adjusted
6+ vs. 0/1 CCI 1.00[0.84, 1.21] 0.9
4-5vs. 0/1 CCI 1.03 [0.89, 1.19] 0.7
3 vs. 0/1 CCI 1.03 [0.88, 1.21] 0.7
2 vs. 0/1 CCI 0.98 [0.83, 1.15] 0.8
Multivariable-adjusted
6+ vs. 0/1 CCI 0.99 [0.82, 1.20] 0.9
4-5vs. 0/1 CCI 1.02 [0.88, 1.19] 0.8
3 vs. 0/1 CCI 1.03[0.88, 1.21] 0.7
2 vs. 0/1 CCI 0.98 [0.83, 1.16] 0.8
FIOP_400
Age-adjusted
6+ vs. 0/1 CCI 1.10[0.92, 1.33] 0.3
4-5vs. 0/1 CCI 1.02 [0.88, 1.19] 0.8
3 vs. 0/1 CCI 1.16 [0.99, 1.37] 0.1
2 vs. 0/1 CCI 1.17 [0.99, 1.37] 0.1
Multivariable-adjusted
6+ vs. 0/1 CCI 1.09 [0.88, 1.34] 0.4
4-5vs. 0/1 CCI 1.05[0.88, 1.24] 0.6
3 vs. 0/1 CCI 1.15[0.96, 1.38] 0.1
2 vs. 0/1 CCI 1.16 [0.97, 1.39] 0.1

Multivariable-adjusted: adjusted for age-at-blood draw (continuous, years), BMI (continuous, kg/m?), physi-
cal activity (continuous, METs/week), alcohol consumption (continuous, g/d), smoking status (never, past, cur-
rent), education (RN, Bachelor’s, Master’s/Doctoral), hypertension (yes, no), high cholesterol (yes, no), car-
diovascular disease (yes, no), antidepressant use (yes, no).
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race/ethnicity), it is unlikely that this issue had
any influence on the null associations in this
report; nevertheless, we acknowledge that
work in more diverse samples would be re-
quired in order to address important questions
of whether race/ethnicity variably influences
psychological distress-oxidative stress/injury
associations. Lastly, although we were able to
adjust for numerous covariates, confounding
by unmeasured factors is still possible, as may
occur in any observational study. However,
the relative homogeneity of our cohort re-
duces potential influences of many important
unmeasured confounders, such as those relate
to health knowledge or access to care.

In summary, phobic anxiety levels were
not associated with plasma fluorescent oxi-
dation products measured at three different
wavelengths among participants in this large
cross-sectional study. As FIOPs are a non-
specific marker of global oxidative stress,
future research on this topic may be enhanced
by use of more specific biomarkers, such as
DNA-related markers. Additionally, future
work would be enriched by use of prospec-
tive designs that could inform temporal un-
derstanding of either how anxiety may relate
to the evolution of oxidative stress/injury
measures or how oxidative stress may be as-
sociated with the development of anxiety.
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